INTRODUCTION
The male bird has an important role in flock fertility because the male to female ratio is low, and more so when artificial insemination is used to breed the hens. Plasma membrane lipids play a significant function in sperm fertilizing capacity (Scott, 1973) , but polyunsaturated fatty acids make sperm susceptible to lipid peroxidation, caused by reactive oxygen species, associating with male infertility (Cecil and Bakst, 1993) . Sperm is low in antioxidant capacity, but enzymatic and nonenzymatic antioxidants in seminal plasma protect sperm by scavenging the reactive oxygen species (Zini et al., 2009) . Lower total antioxidant capacity in seminal plasma was reported in infertile than in fertile men (Lewis et al., 1995) . In fowls, higher concentration of polyunsaturated fatty acids makes sperm more susceptible to lipid peroxidation (Cerolini et al., 1997) . Attempts have been made to supplement the natural antioxidant capacity of seminal plasma by adding substances such as carnitine (Neuman et al., 2002) and lycopene (Türk et al., 2007) . Nevertheless, improvement in semen quality still appears to be a challenge in poultry production.
Tomato is second only to potato in terms of world production and its by-products (mainly the tomato pomace; TP) represent 5 to 13% of the whole product, comprising more than 4 million tons of TP in 2007 (FAO, 2011 . Tomato and its by-products are well established for their antioxidizing effects, mainly attributed to a lipid-soluble carotenoid, lycopene (Alshatwi et al., 2010) . There are reports on beneficial effects of lycopene on reproductive performance in male mammals (Gupta and Kumar, 2002; Ateşşahin et al., 2006; Uysal and Bucak, 2007) ; however, studies addressing the reproductive effects of lycopene in male poultry are very scarce.
The only available data were from Mangiagalli et al. (2010) , who recently reported an improvement in sperm concentration and viability in broiler breeders provided with lycopene-supplemented drinking water. Dietary inclusion of dried tomato pomace (DTP) is more practical than addition of lycopene to drinking water. Further, the effect of lycopene on sperm membrane integrity and lipid peroxidation has not been re- ported. Although the antioxidant activity of TP has been mainly attributed to lycopene, tomato and tomato by-products are excellent sources of carotenoids and vitamins A, C, and E, most of which also have antioxidant properties (Alshatwi et al., 2010) . These provided evidence suggesting a more potent protective role for tomato powder, compared with lycopene, in decreasing the circulatory and hepatic malondialdehyde (MDA) contents, as an index of lipid peroxidation, in rats (Alshatwi et al., 2010) . There are also reports on detrimental effects of higher lycopene levels on the quality of ram spermatozoa (Uysal and Bucak, 2007) and of higher inclusion levels of TP (>10%) on reproductive performance in layers (Jafari et al., 2006) , mainly due to its high fiber content (Lira et al., 2010) . Therefore, this study was conducted to evaluate the efficacy of dietary inclusion of DTP in decreasing the seminal lipid peroxidation index, thiobarbituric acid reactive substances (TBARS), and improving sperm plasma membrane integrity as well as other seminal characteristics. The study also aimed at revealing any adverse effects of higher inclusion level of DTP (30% of the basal diet) on semen quality in breeder roosters.
MATERIALS AND METHODS

Birds and Diets
Fifty-four 24-wk-old Iranian native breeder roosters (Research Center of Fars Native Chickens, Shiraz, Iran) were individually caged and randomly allotted to 3 treatments (3 replicates of 6 birds each) to receive a basal corn-soybean based diet (NRC, 1994; Table 1) without DTP (T 0 ), or diets containing 15% (T 15 ) or 30% (T 30 ) DTP. Tomato pomace was obtained from a processing factory (Dasht Neshat Co., Shiraz, Iran), dried at 50°C for 8 h, ground, and chemically analyzed ( Table 1 ). The birds were maintained under similar management conditions (21°C and a 15L:9D photoschedule) and weighed on a weekly basis.
Semen Evaluation
After a 2-wk adaptation period to the basal diet and to abdominal massage for semen collection, the birds were subjected to experimental treatments and seminal characteristics were determined weekly for another 6 wk. Ejaculates obtained from the birds in each replicate (n = 6) were pooled and evaluated as a single sample. Seminal volume was measured in graduated collecting tubes. Sperm forward motility was assessed by placing a portion of ejaculate diluted with 2.9% sodium citrate solution (1:100) on a slide covered with a coverslip, using a Zeiss (Jena, Germany) compound light microscope (400× magnification), equipped with a warm stage (37°C).
Sperm viability and abnormality were evaluated, using a portion of ejaculate stained with eosin-nigrosin solution. The stained seminal smear was prepared in duplicate, and 200 sperm per slide were evaluated. The slides were evaluated for viability, where unstained spermatozoa were considered as live. Spermatozoa with detached heads, abaxial heads, malformed heads, bent tails, coiled tails, double tails, and protoplasmic droplets were considered as abnormal (Pursel et al., 1972) .
Sperm concentration was determined in duplicate, using a Neubauer hemocytometer. Hypoosmotic swelling test (HOST) was used to evaluate sperm plasma membrane integrity. Briefly, a microtube, containing a portion of semen (10 μL) and 50-mOsm NaCl solution (50 μL), was placed in a water bath (39°C) for 10 min, a sample on a slide was then evaluated, using light microscopy (1,000× magnification), and the percentage of spermatozoa with a swollen "bubble" around the curled flagellum (HOS) was determined by counting 200 cells per slide (Fonseca et al., 2005) .
As an index of lipid peroxidation, the TBA test was employed for TBARS assay, according to Esterbauer and Cheeseman (1990) 7.20 tion at pH = 4] were prepared. The TBARS stock solution was used to make a 2-fold serial dilution (of 1:1 to 1:2,048 ratios) in 12 successive microtubes (1.5 mL), containing 0.5 mL of distilled water. After adding 0.5 mL of TBA stock solution, the tubes were incubated at 90°C for 30 min and the optical density was read at 532 nm, using a spectrophotometer (Supertonic 70, Bausch & Lomb, Feldkirchen, Germany). Butylated hydroxytoluene [BHT; 0.2 g of BHT in 10 mL of ethyl alcohol (100%)], EDTA (0.037 g of EDTA in 10 mL of double distilled water), and trichloro-acetic acid (TCA; 3 g of TCA in 30 mL double distilled water) solutions were prepared for subsequent use. A volume of 1 mL of diluted semen (1:2 in 2.9% sodium citrate solution) was mixed with EDTA (1 mL), BHT (1 mL), and TCA (2 mL) solutions in a Falcon tube and centrifuged for 10 min (963 × g; 18°C), using a rotating bench-top centrifuge (International Equipment Co., Needham Heights, MA). A portion of supernatant (1 mL) was decanted and mixed with TBA (1 mL) solution, incubated in a water bath (95°C, 10 min), cooled for 3 min, and the optical density was read at 532 nm. The optical density values were used to determine the seminal TBARS concentration, using the standard curve.
Statistical Analysis
The data were tested for normality and transformed when appropriate. The data were then subjected to ANOVA, using Proc Mixed (SAS, 2002) , where the time of semen sampling was included as the random effect. Body weight was included as a covariate for ANOVA, and total sperm number in ejaculate was included as the covariate for analysis of TBARS data. Mean separation was performed by the Tukey's test, and the level of significance was set at P ≤ 0.05.
RESULTS
Feeding the breeder roosters with DTP affected seminal characteristics, excluding sperm forward motility (Table 2 ). Diet and time interacted to influence the seminal attributes except for sperm forward motility (Table 2) . Higher values recorded for sperm concentration, live sperm percentage, and improved membrane integrity coincided with a decrease in seminal volume, abnormal sperm percentage, and seminal TBARS concentration in DTP-fed roosters compared with the control birds. From wk 1 through 6, seminal volume fluctuated between 0.40 to 0.47 mL/bird in T 0 and 0.37 to 0.42 mL/bird in T 15 roosters. A decreasing trend in seminal volume was found between wk 1 (0.55 mL/ bird) to wk 6 (0.23 mL/bird) in T 30 roosters. A slowly decreasing trend in seminal volume was evident in T 15 roosters from wk 1 (0.37 mL/bird) to wk 5 (0.30 mL/ bird), but it approached the values in T 0 group thereafter. Concomitant with decreased seminal volume in DTP-fed roosters, sperm concentration was higher in these birds than in control group (Table 2) , being more pronounced between wk 6 to 8 of the experiment (Figure 1) . Nonsignificant changes in sperm forward motility were found during the sampling periods in all 3 groups.
The percentage live sperm in DTP-fed roosters was higher than in the control group (Figure 2) . The percentage live sperm in T 0 birds did not change throughout the sampling periods. An increased percentage of live sperm in T 15 and T 30 birds was found after 6 and 4 wk of DTP feeding, respectively (Figure 2 ). Percentage of abnormal sperm decreased as a result of DTP feeding, being more pronounced in T 30 roosters, in which an 8.8% decrease in sperm abnormality was recorded between wk 1 to 8 of the experiment (Figure 2) .
The HOS values in T 0 roosters did not show variations during the experiment. Feeding DTP, however, resulted in an improvement in sperm membrane integrity compared with the control group, with the higher level of DTP being more effective than the lower level (Table 2, Figure 3) . Effects of T 15 and T 30 diets on integrity of sperm plasma membrane were evident after 6 and 3 wk of feeding, respectively. Seminal TBARS concentration in control birds fluctuated during the trial. By contrast, seminal TBARS concentration decreased within 5 wk after feeding DTP, remaining low thereafter (Figure 4) .
DISCUSSION
Having considerable antioxidant activity, DTP was included in the diet to determine its probable positive influence on seminal characteristics in breeder roosters. In spite of a good body of literature addressing the beneficial effects of tomato extract and lycopene on sperm characteristics in rats (Ateşşahin et al., 2006) , on seminal characteristics in infertile men (Gupta and Kumar, 2002) , and on protecting ram spermatozoa during the freeze-thaw process (Uysal and Bucak, 2007) , few studies have addressed their effects in avian species. In their study on Japanese quail, Sahin et al. (2008) reported that the dietary supplementation of lycopene not only increased the egg production, but also decreased the MDA content in egg yolk and interestingly in the serum of humans consuming such eggs. The only available information on reproductive effects of lycopene in poultry is that of Mangiagalli et al. (2010) , who recently reported an improvement in sperm concentration and viability in broiler breeders provided with lycopene-supplemented drinking water. An improvement was also found in most of seminal traits in roosters fed DTP-containing diets in the current study.
Decreased seminal TBARS concentration in DTPfed birds might be attributed to antioxidants, mainly lycopene, occurring in TP (Alshatwi et al., 2010) . The avian sperm membrane contains a higher concentration of polyunsaturated fatty acids than mammalian sperm (Cerolini et al., 1997) and is, therefore, more susceptible to lipid peroxidation and a higher MDA production (Baumber et al., 2000) , resulting in fertility dysfunction (Cecil and Bakst, 1993) . Both enzymatic and nonenzymatic antioxidants (e.g., lycopene) are found in semen (Zini et al., 2009) . It might be assumed that lycopene, as a lipid-soluble molecule (Baysal et al., 2000) , may enter the sperm and protect it against the reactive oxygen species as does vitamin E (Donoghue and Donoghue, 1997) . Lower seminal TBARS content in T 15 and T 30 groups in the current work suggested the efficacy of DTP to decrease lipid peroxidation. Besides direct effects on spermatogenic lineage (Türk et al., 2007) , indirect influences on Sertoli (Türk et al., 2007) and Leydig (Elumalai et al., 2009 ) cells might also be involved. A protective role in the Leydig cellular steroidogenic acute regulatory (StAR) protein, a protein involved in transport of free cholesterol to the inner mitochondrial membrane as the rate-limiting step in steroidogenesis, has been reported for lycopene in rats, resulting in sustained testosterone production and sperm quality (Elumalai et al., 2009 ). Interplay of Sertoli-Leydig-spermatogenic cell interactions (Etches, 1996) makes indirect routes of action in spermatogenesis a possibility. Higher sperm viability in roosters orally administered with lycopene (Mangiagalli et al., 2010) was confirmed by the present findings.
The present data also showed a beneficial effect of feeding DTP on improving sperm plasma membrane integrity as determined by HOST. Most improvements in the seminal indices found in our work were observed almost 3 wk after DTP feeding, representing the corresponding time required to influence the seminal traits. The data further indicated an enhancing or no adverse effect on the birds receiving the higher DTP level (T 30 ). Although a protective role in maintaining sperm motility has been suggested for lycopene at an oxidative stress condition in rats (Türk et al., 2007) , no improvements were found in sperm forward motility in birds fed DTP, consistent with the finding of Mangiagalli et al. (2010) in roosters, receiving lycopene in water.
Overall, the current study showed a profound enhancement in seminal characteristics in DTP-fed roosters, which might be beneficial to improve fertility rate in parent stock. Although DTP was fed during a short period of time early in puberty due to experimental limitations and availability of resources, the procedure may find application in attenuating age-related subfertility in reproductive flocks. However, further studies are warranted to elucidate the cellular and molecular mechanisms contributing to the positive influence of DTP on seminal attributes in birds. In practical terms, regions with a high level of TP production and cannery allied industries can provide the by-products to poultry producers. On the other hand, because of minimal unfavorable effect of drying processes on lycopene content (Toor and Savage, 2006) , TP can be used throughout the year as well as having a broad geographically distributed usage, although tomato production is restricted to the warm period of the year or to warm climates. Indeed, poultry production systems in hot climates may exploit the locally produced agricultural by-products high in antioxidant content to better ameliorate the adverse oxidative effects of heat stress. Therefore, it would be interesting to study the efficacy of feeding TP to prevent deterioration of seminal characteristics in male birds suffering from oxidative stress.
